INTRODUCTION
Joule heating effect of the laminar free convection flow of an electrically conducting fluid and heat transfer problem has been presented by many investigators because of its considerable practical applications. It is also necessary to study the heat transfer from an irregular surface because irregular surfaces are often present in many applications, such as radiator, heat exchangers and heat transfer enhancement devices. The thermal conductivity of the fluid to be proportional to a linear function of temperature, two semi-empirical formulae which was proposed by Charraudeau 1 . Yao 2, 3 first investigated the natural convection heat transfer from an isothermal vertical wavy surface and used an extended Prantdl's transposition theorem and a finite-difference scheme. He proposed a simple transformation to study the natural convection heat transfer for an isothermal vertical sinusoidal surface. These simple coordinate transformations method to change the wavy surface into a flat plate. Moulic and Yao 4 also investigated also investigated natural convection along wavy surface with uniform heat flux. Alam et al. 5 have also studied the problem of free convection from a wavy vertical surface in presence of a transverse magnetic field. On the other hand, the combined effects of thermal and mass diffusion on the natural convection flow of a viscous incompressible fluid along a vertical wavy surface have been investigated by Hossain and Rees 6 . In this paper the effect of waviness of the surface on the heat and mass flux has been investigated in combination with the species concentration for a fluid having Prandtl number equal to 0.7. Hossain and Munir 7 investigated the natural convection flow of a viscous fluid about a truncated cone with temperature dependent viscosity and thermal conductivity. Natural convection with variable viscosity and thermal conductivity along a vertical wavy cone have been investigated by Munir et al. 8 . Hossain et al. 9 considered natural convection of fluid with temperature dependent viscosity from heated vertical wavy surface. Wang and Chen 10 investigated transient force and free convection along a vertical wavy surface in micropolar fluid. Natural and mixed convection heat and mass transfer along a vertical wavy surface have been investigated by Jang et al. 11, 12 . Molla et al. 13 have studied natural convection flow along a vertical wavy surface with uniform surface temperature in presence of heat generation/absorption. Tashtoush and Al-Odat 14 investigated magnetic field effect on heat and fluid flow over a wavy surface with a variable heat flux. Yao 15 also studied natural convection along a vertical complex wavy surface. Rahman et al. 16 investigated the effects of temperature dependent thermal conductivity on MHD free convection flow along a vertical flat plate with heat conduction. Rahman 
MATHEMATICAL FORMULATION
Consider a steady two dimensional natural convection flow of an electrically conducting viscous and incompressible fluid with variable thermal conductivity along a vertical wavy surface. Over the work it is assumed that the surface temperature of the vertical wavy surface T w is uniform, where
The boundary layer analysis outlined below allows ) (X σ being arbitrary, but our detailed numerical work assumed that the surface exhibits sinusoidal deformations. The wavy surface may be described by
where L is the wave length associated with the wavy surface.
Under the usual Boussinesq approximation, the continuity, momentum and energy equations can be written as:
where (X, Y) are the dimensional coordinates along and normal to the tangent of the surface and (U, V) are the velocity components parallel to (X,Y),
is the Laplacian operator, g is the acceleration due to gravity, P is the dimensional pressure of the fluid, ρ is the density, β 0 is the strength of magnetic field, δ 0 is the electrical conduction, k(T) is the thermal conductivity of the fluid in the boundary layer region depending on the fluid temperature, β is the coefficient of thermal expansion, ν ( = µ/ρ) is the kinematics viscosity, µ is the dynamic viscosity and C p is the specific heat due to constant pressure. The boundary conditions relevant to the above problem are
where T w is the surface temperature, T ∞ is the ambient temperature of the fluid and p ∞ is the pressure of fluid outside the boundary layer. The geometry of the wavy surface and the twodimensional Cartesian coordinate system are shown in Fig. 1 . The variable thermal conductivity chosen in this study that is introduced by Charraudeau 1 and used by Hossain and Munir 7 as follows:
where ∞ k is the thermal conductivity of the ambient fluid and
Using Prandtl's transposition theorem to transform the irregular wavy surface into a flat surface as extended by Yao 3 and boundary-layer approximation, the following dimensionless variables are introduced for non-dimensionalizing the governing equations, 
where θ is the non-dimensional temperature function and (u, v) are the dimensionless velocity components parallel to (x,y). Introducing the above dimensionless dependent and independent variables into equations (2)- (5), the following dimensionless form of the governing equations are obtained after ignoring terms of smaller orders of magnitude in Gr, the Grashof number defined in (8) . It can easily be seen that the convection induced by the wavy surface is described by Eqs. (9)- (12) . We further notice that, Eq. (11) indicates that the pressure gradient along the y-direction is ) ( Now we introduce the following transformations to reduce the governing equations to a convenient form:
where f(η) is the dimensionless stream function, η is the pseudo similarity variable and ψ is the stream function that satisfies the continuity equation and is related to the velocity components in the usual way as
Introducing the transformations given in Eq. (15) into Eqs. (13) and (12) are transformed into the new co-ordinate system. Thus the resulting equations are The boundary conditions as mentioned in Eq. (14) then take the form given below:
The quantities of physical interested, namely, the shearing stress τ w in terms of the skin friction coefficient C fx and the rate of heat transfer in terms of Nusselt number Nu x are prescribed by: 
METHOD OF SOLUTION
The transformed boundary layer equations are solved numerically with the help of implicit finite difference method together with the Keller-Box scheme 21 . To begin with the partial differential equations (17) and (18) 
CODE VALIDATION
A comparison of the present numerical results of the skin friction coefficient, f ″(x,0) and the heat transfer, -θ ′(x,0) with the results obtained by Hossain et al. 9 is depicted in Table 1 Table 1 , it is clearly seen that the present results are excellent agreement with the solution of Hossain et al. 9 .
RESULTS AND DISCUSSION
The present work is to analyze the Joule heating effect on MHD free convection flow of viscous incompressible fluid with temperature dependent thermal conductivity along a uniformly heated vertical wavy surface. Numerical values of local shearing stress and the rate of heat transfer are calculated from equations (22) and (23) • The skin friction coefficient, velocity of the fluid flow increase and local rate of heat transfer Nu x decreases over the whole boundary layer for increasing values of Joule heating parameter J. But the thermal boundary layer grows thick.
• The skin friction coefficient C fx and the local rate of heat transfer Nu x decrease for increasing values of the amplitude-to-length ratio of the wavy surface.
